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easily be detected in 2 5  per cent solution of ammonium 
sulfate by use of this apparatus: 

TABLE I V  

Temp. 
Deg. C. 

20 
27 
35 
45 
60 
7 0  
80 

Difference in 
Barometer 

B - A  E mm. 
52 
77 

105 
148 
184 
200 
215 

1 mm. Indicates 
Benzene 

‘Per cent 
0.0106 
0.0071 
0.0051 
0.0038 
0,0030 
0.0027 
0.0026 

I atn well aware tha t  the apparatus and experi- 
ments which I have presented to  you are in no way 
exact and complete in the way physicists will look 
a t  them, and I would hesitate indeed to  present them 
for publication in a physical journal. In no way 
can they compare with the investigations of H. C. 
Dickinson and N. S. Osborne of the U. S. Bureau 
of Standards on the constants of refrigeration. 
But incomplete as they are, they have served me 
as guides in the manufacture of pure ammonia 
for use in ice machines, and I find satisfaction in the 
assurance that  the most painstaking investigations 
of McKelvy and Taylor have confirmed the fact t ha t  
commercial liquid anhydrous ammonia of such purity 
is made that  i t  is more worthy of the designation 
“chemically pure” than many other chemicals which 
are sold a t  a high price as chemicals of highest purity. 
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CASING-HEAD GAS 

A very complete description of the methods for 
testing natural gas for gasoline is contained in the pub- 
lication by G. A. Burrell and G. W. J0nes.l 

The objections to  the various methods have been 
well stated in this publication. Owing to  the fact that  
tests with the portable absorber seem to  be more 
practical, tha t  method has been preferred in most of 
the test cases carried out for the Ohio Fuel Supply Com- 
pany. The main objection to  the use of the portable 
absorber in field testing is the effect of pressure on the 
yield.2 

In order to  meet the requirements for a method that  
would give the content and gravity of gasoline in 
natural gas, i t  was deemed advisable to  modify the 
absorption method so as t o  meet all conditions of pres- 
sure encountered in field testing. The pressure there- 
fore chosen was atmospheric. 

oil with gasoline for complete extraction of gasoline 
depend upon the gas pressure, the temperature of the 
oil, the gasoline content of the gas, and the type of 
absorber. The four-coil type of absorber designed by 
P. M. Biddisona gives a greater yield in most cases in 
tests with casing-head gases than the absorber with one 
coil. Experience has shown that  the four-coil type of 

Tests have shown tha t  the allowable saturations of . 

1 “Methods of Testing Natural Gas for Gasoline Content,” Bureau of 
Mines, Technical Paper 87. 

Proceedings of The Natural Gas Association, 8, 1916. 
8 Natural Gas Journal, 1916. 

absorber when used in testing casing-head gas gives 
practically the same yield as the apparatus used in 
these experiments, providing a low percentage satura- 
tion of oil with gasoline is maintained. 

The absorber (Fig. I )  used in these experiments was 
designed so as  to  give sufficient contact of oil and gas 
in order t o  completely remove the gasoline. The 
absorber is cylindrical in form and made of 2 2  gauge 
galvanized iron. It is I O  in. in diameter and 24 in. in 
length. The ends of the absorber should be conical. 
The ends are fitted with quarter-inch nipples attached 
by a boss. Quarter-inch globe valves or quarter-inch 
cocks are attached to  the nipples. The dimensions 
chosen give the absorber a capacity of about I CU. f t . ’  

A 
7 A 

850 cc. 

FIG. I-CUBIC-FOOT ABSORBEX 

The absorber was calibrated by weighing with water 
and checked against the meter made by the American 
Meter Company and used for determination of heating 
values of gases. 

METHOD OF O P E R A T I N G  

One end of the absorber is attached to  the gas supply 
by means of rubber tubing. The absorber placed in a 
vertical position is then purged for 30 min. Connec- 
tion with the gas supply is made a t  the top in case the 
gas is lighter than air, or a t  the bottom in case the gas 
is the heavier. In  either case the last 15 min. for purg- 
ing should be made at  the top so as to  expel small 
amount of oil left from the previous test. The valves 

, 

1 “Industrial Gas Calorimetry,” Bureau of Standards, Technologic Pa$w 
36, 35. 
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are closed with the absorber filled with gas a t  atmos- 
pheric pressure. The temperature of the gas and 
barometric pressure are recorded. With the absorber 
in a vertical position oil is forced into i t  by pressure 
applied a t  A .  After a small amount of oil is added, 
reduced pressure caused by absorption of gas will 
generally draw the liquid into the absorber. The re- 

Fro. 2 

ceptacles used in these experiments were made of 
glass and had a capacity of 8 j o  and 880 cc., respectively, 
having been calibrated a t  room temperature. The  
tube between B and C is filled with oil before the re- 
ceptacle is attached or the filling of tube and receptacle 
is accomplished by a three-way cock a t  B. Attempts 
t o  add oil by placing the receptacle a t  the top of the 
absorber are liable to  result in loss of gas. After adding 
oil the absorber is agitated for 2 0  min. In  case the 
gas is very rich in gasoline vapor considerable reduced 
pressure results. If such is the case, air is allowed to  
enter. The manometer used in flow tests will show if 
there is a reduced pressure. This point should not 
be overlooked in order t o  prevent distortion of the  
apparatus. After a few minutes of agitation the trouble 
due to  reduced pressure will be overcome. The oil is 
withdrawn and sent t o  the laboratory for a distillation 
test. In  order t o  ascertain time required for purging, 
the  following test was carried out: 

Rate of gas flow,.. .................. 27 cu. ft. per hr. 
Connection for purging ............... At top 
Specific gravity of gas used .......... 0.65 
Gas flow began at.  . . . . . . . . . . . . . . . . . .  9.01 A.X. 
Oxygen in exit gas at 9.03 A.M...  ...... 19 9 per cent 
Oxygen in exit gas at 9.06 A.M...  ...... 1.7 per cent 
Oxygen in exit gas at  9.11 A.M.. ....... 0.3 per cent 
Oxygen in exit gas at 9.16 A.M. . .  ...... 0.0 per cent 
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METHOD O F  DISTILLATION 

Anticipating losses in evaporation during distillation 
of oil samples containing such small quantities of gaso- 
line as would be obtained from I cu. f t .  of natural gas, 
distillation tests were made on synthetic mixtures of 
gasoline and mineral seal oil. The results of these 
tests are shown graphically in Fig. 2. Practical tests 
with the absorber checked against plant yield on natural 
gases having a gasoline content of 1.8 pints, 1.6 gallons 
and 2.6 gallons, respectively, show tha t  these losses 
need not be taken into consideration if the gas and oil 
are thoroughly agitated. This is probably due to  a 
more complete extraction of “wild gasoline,” chiefly 
pentanes. 

The apparatus used in distillation consists of a 1000 
cc. copper flask to  which is attached a metal exit tube 
(Fig. 3). The condenser is made from glass tubing and 
contains 3 bulbs of about 80 cc. total capacity. The 
condenser jacket is made from a gallon can, the bottom 
of which has been removed. The temperature of the 
bath is maintained a t  32’ F. by an ice-water mixture. 
The distillate is received in a graduated cylinder (Fig. 4) 
surrounded by an ice-water mixture. The receiving 
cylinder is graduated in tenths and capable of being 
read to  2 / 1 ~ ~  cc. The thermometer bulb is placed 
21/2 in. below the outlet of the exit tube and 800 CC. of 
oil are used in distillation. (If desired, an aliquot por- 
tion by weight could be used.) Distillation is carried 
on until the exit vapors show a temperature of 3 joo F. 

(See Tests I, 2 and 3.) 

I 

- 
FIG. 3-DISTILI,ATION APPARATUS 

The thermometer is then removed. It is advisable 
to  run a blank on the  mineral seal oil before using for 
testing purposes since some of the grades of oil will give 
an appreciable amount of distillate if heated to  350’ F. 
After allowing time for drainage the cylinder is removed 
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and placed in a water bath a t  60' F. The volume a t  
60' F. is recorded. The condenser is washed by run- 
ning a small amount of alcohol and ether through the 
tube and dried with air before a second distillation is 
begun. 

GRAVITY OF G A S O L I N E  

The apparatus selected for taking the gravity of a 
small volume of gasoline was checked against the fol- 
lowing instruments: the Tycos Standard Hydrometer 
made by Taylor Instrument Company, U. S. Bureau 
of Standard Specifications; the Boots Specific Gravity 
Bottle, 2 5  cc. capacity; and the Westphal Balance. 

The following methods were used to  obtain the 
gravity of small volumes of gasoline: 

I-Graduated cylinder (Fig. 4) for samples of 4 to  
I O  cc. volume. A cylinder of dimensions of left arm 
of Pycnometer No. z (Fig. 5 )  for samples of I t o  4 cc. 
volume. Such a cylinder can be readily made in the 
laboratory. Liquid may be transferred to  the pycnom- 
eter from the receiving cylinder of the distillation ap- 

FIG. +GRADUATED CYLINDER FIG. 5-PYCNOMBTEX NO. 2 

paratus by means of close-fitting rubber connections. 
The open ends of the pycnometer are closed with connec- 
tion tubing and glass plugs, the cylinder, tubing and 
glass plugs being weighed before gasoline is added. Care 
must be taken t o  use fresh pieces of rubber tubing, 
since rubber tubing increases in weight due to  absorp- 
tion of gasoline vapor. Upon standing the rubber will 
gradually lose in weight due to  escape of the vapor. 

11--Graduated cylinder (Fig. 4) and tube for samples 
of I t o  4 cc. volume. A small tube with elongated tip 
and 2 mm. bore was calibrated by weighing with air- 
free distilled water a t  60" F. The tube, after being 
carefully cleaned and dried, is placed in an air bath a t  
60" F. The cylinder containing the gasoline is care- 
fully weighed on an analytical balance and then placed 
in a water bath a t  60' F. 

A measured amount of gasoline is forced into the  
calibrated tube and then rapidly removed. The 
cylinder is stoppered, dried and weighed. From the 
loss in weight the gravity of the ,gasoline is determined. 
Results are generally low. The operation should be 
repeated with the exception that  no gasoline is removed. 
Loss in weight during this trial is used in correcting 
gravity. 

111--Pycnometer No. 2 (Fig. 5) for samples of I to  
4 cc. volume. This method is similar t o  that  used by 
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the Bureau of Mines and the pycnometer Lis essentially 
the same type of instrument as that  devised by Dr. 
J. A. Culler, Miami University, 1908. The pycnometer 
is calibrated by weighing it filled to  the etch mark with 
air-free distilled water a t  60” F. The dry pycnometer 
is filled above the etch mark with gasoline. It is 
placed in a water bath a t  60’ F. The excess gasoline 
is removed by a roll of filter paper. The instrument is 
dried and weighed.l From the weight of gasoline and 
water the gravity of the gasoline is computed. 

Results of tests with 80’ BB. gasoline show that  the 
above methods have an accuracy of 0.5’ BB. The 
objection to  the use of the method is evaporation of the 
volatile liquid during the process of weighing. The 
objection to  the use of the cylinder (Fig. 4) is the error 
in reading. The presence of heavy gasoline vapors in 
such a cylinder would also introduce error. 

COMMENTS ON TESTS 

Attention is called to  the apparent inconsistency of 
the gravity of the gas and the yield of gasoline.2 Pre- 
liminary tests on the absorption method with IOO cc. 
of gas and 3 5 cc. of mineral seal oil3 seem to show a more 
definite relation to yield of gasoline obtained with the cu. 
f t .  absorber, the tests having been conducted on gases 
in one field. However, there is not enough information 
on hand to  state this definitely. 
DISTILLATION OF 100 Cc. OF GASOLINE RECOVERED FROM Cu. FT. ABSORP- 

TION TESTS, USING THE ENGLER FLASK 
Per cent of Temperature 

Distillate Range-Deg. P. 
0-10 x2-11-15 

16-20 
20-30 
30-40 
40-50 
50-60 
60-70 
70-76 

_ _  _ _ _  
105-120 
120-134 
134-140 
140-173 
173-196 
196-228 
228-300 

Residue in Flask = 3 Per cent. Loss in Distillation = 21 Per cent. 

There are some objectionable features to  the use of the 
method just described. The absorber is rather bulky. 
This objection could be overcome by changing the 
size of absorber and working under pressure, providing 
the absorber is made rigid to  prevent change in volume., 
Pressure could be obtained with a small pump, which 
could be used also to  force oil into the absorber. 

If the absorber were fitted with a removable close- 
fitting end, i t  could be used as a case for other instru- 
ments. Another objection which would apply to  all 
laboratory methods is that  yields reported on a well 
would be lower than those which would be obtained 
after the well was put under reduced pressure. How- 
ever, it happens that  an increase in quantity of gasoline 
from a given well due to  reduced pressure causing an 
increase in yield of gasoline per thousand cubic feet of 
gas is compensated to  some extent by a decrease in 
volume of gas. 

Preliminary tests indicate that alcohol may be used 
as the absorbing medium instead of mineral seal oil and 
the separation of the gasoline and alcohol made by 
dilution with an equal volume of water. 

1 “The Analytical Distillation of Petroleum,” by W. F. Rittman and 

1 “The Condensation of Gasolinefrom Natural Gas,” Bureau of Mines, 

* “Methods of Testing Natural Gas for Gasoline Content.” Bureau of 

E. W. Dean, Bureau of Mines, Bulletin 186, 27. 

Bulletin 88, 45. 

Mines, Technical Paper 87. 
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The cubic foot absorber is intended especially for 
casing-head gas testing and has been found t o  give 
trustworthy results. When the method is used for 
testing natural gas of lower gasoline content the results 
are less accurate. 

The above tests and tests by others indicate that the 
practical absorber for testing natural gases for gasoline 
content would consist of small unit absorbers grouped 
in series. A testing outfit in which absorbers and meter 
were made of aluminum could be carried by one man. 
Preliminary tests a t  atmospheric pressure with an out- 
fit built on this principle and consisting of a four-unit 
series absorber resulted in 85-90 per cent recovery of 
gasoline from a natural gas having a yield of 1.4 pints 
per thousand cubic feet of gas. 

THE OHIO FUEL SUPPLY COMPANY 
HOMER, OHIO 
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The subject of the valuation of lime for various 
purposes is one which has received very little attention 
in the scientific press. The methods of analysis have 
been very carefully worked out but these all follow the 
standard procedure for the analysis of silicate and car- 
bonate rocks, and required nothing more than the 
application of well-known gravimetric separations and 
volumetric titrations. The methods differ in no es- 
sential from those employed in the analysis of any 
calcium mineral or artificial product decomposable by 
acid and containing the same elements as lime. Out- 
side of the analytical methods, very little has been 
published on the testing of lime. The standard text- 
books contain nothing other than analytical methods 
and in even the special works on calcareous materials 
little attention is paid to  the subject. In  some treatises 
on the manufacture of certain products in whose 
elaboration lime is used, there are given special methods 
for the analysis of lime to  be used in this art. The 
American Society for Testing Materials has drawn up 
specifications, but these latter are little more than a 
classification of various kinds of lime and could hardly 
be used to  control the general purchase of lime as, for 
example, are the cement specifications of the same 
organization. 

The difficulty with lime is that i t  is not only a 
building material but it is also an important raw 
material in many industries, notably the chemical and 
metallurgical ones. The requirements are quite differ- 
ent in these various industries and the qualities which 
the builders ask of the lime are quite different from 
those needed by the chemical manufacturer. 

Even here again the qualities necessary in one class 
of building lime are not required in another, while 
in one chemical process one kind of lime is required 
and in another an entirely different sort of product 
is necessary. Generally speaking, the building trade 
is most interested in color, plasticity and possibly 
strength; while the chemical manufacturer wishes 
purity from carbon dioxide, silica and the oxides of 
iron and alumina, and to have either a high or low 
content of magnesia as the process may require. 


